The p53 tumor supressor gene has multiple functions including cell cycle control, DNA repair, senescence, differentiation, and apoptosis (Levine, 1997). Induction of p53-mediated apoptosis is essential to p53 tumor suppressing activity, and p53 is mutated in more than 90% of human cutaneous squamous cell carcinomas (SCCs) and about 50% of human basal cell carcinomas (BCCs) (Kraemer, 1997) . Actinic keratoses, sun-induced premalignant lesions of the skin, also display a high frequency of p53 mutations (Ren et al., 1996) . When p53-null keratinocytes expressing an oncogenic v-ras Ha gene were grafted to nude mice, the recipient animals rapidly develop undifferentiated carcinomas whereas p53 wild-type keratinocyte grafts develop into well-differentiated papillomas (Weinberg et al., 1994) . To identify p53-downstream target genes that contribute to the keratinocyte tumorigenesis, we performed differential display on keratinocytes from p53 wild-type and null mice induced to differentiate by Ca 2+ and cloned a p53-and TNFα-regulated cytoplasmic/mitochondrial protein named mtCLIC (Fernandez-Salas et al., 1999) .
CLIC4/mtCLIC belongs to the CLIC family of intracellular chloride channels. Overexpression of CLIC4 in normal keratinocytes induces apoptosis, and this is associated with loss of mitochondrial transmembrane potential ( m), cytochrome C release and caspase activation (Fernandez-Salas et al., 2002) . CLIC4 is localized in the mitochondrial inner-membrane where it may participate in dissipation of m as a chloride channel by disrupting the proton gradient. Treating normal keratinocytes with DNA-damaging agents upregulate CLIC4 and this coincides with the onset of p53-mediated apoptosis. The mtCLIC promoter contains functional p53 binding elements that increase expression of a reporter gene in keratinocytes infected with a p53 adenovirus. Cytoplasmic CLIC 4 translocates to the nucleus in cells undergoing stress-, TNFα-, or p53-mediated apoptosis in variety of cell types in vitro. Targeting CLIC4 to the nucleus with a nuclear-targeting adenoviral vector accelerates apoptosis when compared with ER-, mitochondria-, or cytoplasmic-targeted CLIC4, suggesting nuclear translocation is involved in the apoptotic response. CLIC 4 associates with the Ran/NTF2/Importin-∀ nuclear import/transport complex in cells exposed to conditions that induce nuclear translocation. Deletion mutant studies show that N-terminus including the transmembrane domain (TM) and C-terminus containing the putative nuclear localization signal (NLS) play a key role in regulating the nuclear translocation. Qualitative studies suggest that nucleus-targeted CLIC4 accelerates apoptosis by increasing nuclear Cl − influx and thereby altering pH. These data indicate nuclear translocation of CLIC4 may be important in cellular apoptotic signaling and suggest a requirement for a nuclear acidification via alterations in nuclear anion concentrations in the process.
CLIC4 is on chromosome 1p36, a location frequently altered in human cancers. CLIC4 protein expression decreases in mouse skin tumors during progression from papilloma to carcinoma. Immunohistochemical studies suggest that CLIC4 is predominantly nuclear in papillomas and cytoplasmic in carcinomas, but the functional significance of this translocation is unknown. The multiple changes that occur in CLIC4 expression and intracellular localization in skin tumorigenesis suggest that the regulation of CLIC4 is important in cutaneous cancer.
